egenerative cervical spondylosis can result in spinal cord compression and injury, which can lead to myelopathy.
and laminectomy with posterior spinal fusion (LPSF). Laminectomy alone is generally avoided given the significant risk for delayed postlaminectomy kyphosis. 2 The indications for using either laminoplasty or LPSF for multilevel CSM depend on a variety of demographic, social, and clinical factors. There are several clinical and radiological factors that are often taken into account when deciding between the two surgical techniques: presence of neck pain, degree of movement with flexion-extension, and cervical curvature. Generally, LPSF is preferred in patients with neck pain, significant translational movement, and/or cervical kyphosis. The rationale is that LPSF is able to stabilize the spinal column, thus offering superior pain relief compared with laminoplasty. The decision to use either procedure is based on each individual case and surgeon familiarity. 5, 13, 27 Over the past 5-10 years, there has been a greater understanding of the relation of regional and global spinal alignment with functional and pain outcomes. In particular, cervical alignment has been suggested as an important factor associated with neck pain. 9, 15, 20, 23 We sought to assess whether LPSF allows for greater neck pain relief when compared with laminoplasty for multilevel CSM in cohorts of patients with similar postoperative cervical lordosis. This study compared perioperative and followup outcomes of patients with matched cervical sagittal alignment who had undergone either laminoplasty or LPSF. The analysis of neck pain outcomes takes into consideration the presence of preoperative pain via subgroup analysis. Additionally, we attempted to define the relationship between cervical sagittal curvatures and neck pain outcomes.
Methods

Study Cohort
This study was formally approved by the Committee of Human Research at the University of California, San Francisco. A consecutive cohort of patients diagnosed with multilevel CSM based on physical examination and radiographic imaging was identified from the time period January 2011 to December 2014. Patients who underwent posterior decompression of the cervical spine via laminoplasty or LPSF were identified and included in the study. Patients who underwent prior cervical spine surgery were excluded (the majority of whom were in the LPSF group). Matched cohorts of cervical lordosis were obtained by excluding patients with LPSF who had postoperative cervical sagittal Cobb angle measurements outside the range of the patients in the laminoplasty group. Patients underwent surgery by either 1 of 2 senior spine surgeons (P.V.M. and D.C). All laminoplasties were performed with the Hirabayashi technique (single-hinge door; Fig. 1 ) with plating and LPSF was performed with screw-rod fixation (Fig. 2) . 6 The selection of which surgical technique to use was considered on an individual case-by-case basis. The indications to proceed with either LPSF or laminoplasty for patients with multilevel CSM depended on clinical symptoms and radiological findings. LPSF was offered to patients who had significant neck pain and/or needed bilateral foraminotomies. Candidates for laminoplasties tend to be patients who have a neutral or lordotic cervical spine, absence of listhesis (slip), and/or have a unilateral foraminal compression causing radiculopathy. In general, the decision to pursue either LPSF or laminoplasty was case based and patient wishes were taken into account if they fit indications for both procedures.
Data Collection
A comprehensive retrospective review of medical records was performed to gather data concerning patient demographics, clinical outcomes, and radiographic measures. Patient age and sex were recorded. Pain and neurological outcomes were reported based on the presence or absence of neck pain, visual analog scale (VAS) neck pain score, and Nurick myelopathy score. 17 The VAS was measured from 0 to 10, with 0 representing no pain and 10 representing the worst pain. The radiographic outcomes of interest were cervical lordosis, cervical sagittal vertical axis (SVA), and T-1 slope, which were all measured on neutral upright lateral cervical spine radiographs. Cervical lordosis was measured by the C2-7 Cobb angle (inferior endplate of C-2 to inferior endplate of C-7). Cervical SVA was measured as the distance between a plumb line from the C-2 centroid to a plumb line from the C-7 superior posterior endplate. The T-1 slope was defined as the angle between a horizontal line and the superior end plate of T-1. The methodology of these measurements can be observed in Fig. 3 . All of these clinical and radiographic parameters were measured preoperatively and at the most recent follow-up. Perioperative outcomes that were collected included estimated blood loss (EBL; in milliliters), complications, and hospital length of stay (LOS; date of surgery to date of discharge). Complications were defined as any unforeseen event requiring additional medical and/ or surgical intervention. Readmissions within 30 days of index surgical hospitalization were recorded. Patient longterm complications (events that occurred after discharge) and reoperations were evaluated.
Statistical Analysis
The cohort was stratified into two groups: patients who underwent laminoplasty and patients who underwent LPSF. Demographics, baseline clinical variables, and outcome measures were compared between the two groups. Follow-up pain outcomes underwent a subgroup analysis to control for preoperative neck pain; for this analysis, the cohort was first separated into two groups: patients with preoperative pain and patients without preoperative pain. Then, among those groups, pain outcomes were compared between patients who underwent laminoplasty and those who underwent LPSF. An additional analysis was performed to determine the relationship between degree of cervical lordosis and neck pain outcomes. For this analysis, patients were categorized into 5 groups based on postoperative cervical lordosis (<5°, 5°-10°, 11°-15°, 16°-20°, and > 20°). Pain outcomes were then compared in the total cohort, in laminoplasty patients, and in LPSF patients. A bivariate analysis was then performed to identify a cervical lordosis threshold. Bivariate analyses were performed using either a chi-square test for categorical outcomes or a 2-tailed Student t-test for continuous outcomes. A p value < 0.050 was the threshold for statistical significance. All statistical analyses were performed using SAS 9.4 (SAS, Inc.).
Results
In the process of generating the matched cohort based on postoperative cervical sagittal Cobb angles, 8 LPSF patients were excluded based on postoperative cervical sagittal Cobb angle. This resulted in postoperative cervical sagittal Cobb angles that ranged from -6° (kyphosis) to 45° (lordosis) for laminoplasty patients and -4° (kyphosis) to 35° (lordosis) for LPSF patients. A total of 145 patients were included in the final analysis. There were 101 laminoplasty patients and 44 patients who underwent LPSF. The mean age of all patients was 63.0 years, and 65.5% were men (Table 1) . Significantly more men underwent laminoplasty than LPSF (73.3% vs. 47.7%, p = 0.004). Table 1 also shows the comparisons of preoperative pain and neurological baselines. The overall incidence of preoperative neck pain was 66.2% and the mean VAS neck pain score was 6.1 (Table 1) . In regard to preoperative pain, patients who underwent LPSF had a higher incidence of pain (laminoplasty 62.4% vs LPSF 75.0%, p = 0.182) and mean VAS neck pain score (laminoplasty 5.6 vs LPSF 6.9, p = 0.051), but these differences were not statistically significant. The overall mean Nurick scale score was 2.1 and both groups had identical scores (2.1 vs 2.1, p = 0.836). The mean preoperative cervical sagittal Cobb angle for the entire cohort was 9.1° of lordosis (Table 1) . Patients who underwent LPSF had significantly less preoperative cervical lordosis compared with patients who underwent laminoplasty (5.8° vs 10.9°, respectively; p = 0.018). The mean preoperative cervical SVA and T-1 slopes were 28.0 mm and 24.8°, respectively. Between the two groups, there were no significant differences in preoperative cervical SVA (27.4 vs 28.7 mm, p = 0.761) or T-1 slope (25.7° vs. 23.8°, p = 0.310). Table 2 compares perioperative outcomes between patients who underwent laminoplasty and those who underwent LPSF. The mean number of levels operated as an entire cohort was 4.6 levels. There was a statistically significant difference in the number of levels operated between the two groups, but the actual difference was small: 4.3 levels for laminoplasty and 5.3 for LPSF (p < 0.001). Mean EBL was 236.3 ml. LPSF was associated with significantly greater blood loss compared with laminoplasty (325.0 ml vs 196.6 ml, respectively; p < 0.001). The overall perioperative surgical complication rate was 8.3%, and the mean hospital LOS was 3.7 days. There was no significant difference between the two groups for perioperative complication rate (laminoplasty 6.9% vs LPSF 11.4%, p = 0.512) or hospital LOS (laminoplasty 3.5 days vs LPSF 4.3 days, p = 0.054). The overall 30-day readmission rate was 3.4%, and there was no significant difference between the groups for this variable (3.0% vs 4.5%, p = 0.639). Table 3 compares long-term complication rates, followup neurological status, and follow-up cervical Cobb angle in the two groups. Of 134 patients, 92.4% were available for follow-up and the mean follow-up length was 17.3 months. Both groups had similar mean follow-up durations (laminoplasty 17.4 months vs LPSF 16.8 months, p = 0.754). The overall long-term complication and reoperation rates were both 5.2%. Patients who underwent LPSF had significantly higher long-term complication rates than laminoplasty patients (11.6% vs 2.2%, p = 0.036). However, reoperation rates were similar between both groups (4.4% vs 7.0%, p = 0.681). The reasons for reoperation in the laminoplasty group were fracture at an adjacent level following a traumatic fall (n = 1), adjacent-segment stenosis resulting in myelopathy (n = 1), and wound infections (n = 2). The reasons for reoperation in the LPSF group were pseudarthrosis (n = 1) and wound infections (n = 2). The mean follow-up Nurick scale score improved from a preoperative score of 2.1 to a follow-up score of 1.2. Patients who underwent LPSF had a significantly lower (improved) Nurick score (0.9) compared with patients who underwent laminoplasty (1.4, p = 0.014). The overall mean postoperative cervical Cobb angle was 8.2° of lordosis. Because this study was established to have matched cohorts of cervical lordosis, there was no significant difference in postoperative cervical Cobb angles between the two groups (8.8° vs 7.1° of lordosis, p = 0.454). Mean follow-up cervical SVA and T-1 slope were 31.1 mm and 26.4°, respectively. There were no significant differences in cervical SVA (29.8 vs 32.5 mm, p = 0.501) or T-1 slope (26.2° vs 26.5°, p = 0.927) between groups. Data given as mean ± SD unless otherwise indicated.
Follow-up pain incidence and VAS neck pain scores are listed in Table 4 . Overall, the incidence of neck pain at follow-up was 29.1%, and there was no significant difference in pain incidence between patients who underwent laminoplasty (29.7%) versus LPSF (27.9%, p = 0.834). The mean follow-up VAS neck pain score was 1.6. There was no significant difference in VAS neck pain scores between the two groups as well (1.6 vs 1.7, p = 0.996). To further normalize the analysis of pain outcomes, comparisons were made among subgroups in patients with and without preoperative neck pain. In patients with preoperative neck pain, 34.5% had pain at follow-up and the mean VAS neck pain score was 2.0. Among this subgroup, there were no significant differences in follow-up pain incidence (36.4% vs 31.3%, p = 0.629) and VAS neck pain scores (2.1 vs 1.8, p = 0.731). In patients without preoperative neck pain, 19.2% had pain at follow-up and the mean VAS score was 1.0. Similarly, there was no significant difference in follow-up pain incidence (19.4% vs 18.2%, p = 0.926) and VAS neck pain scores (1.0 vs 1.1, p = 0.908).
Tables 5 and 6 demonstrate the relationships between postoperative cervical sagittal Cobb angle and neck pain incidence and severity. As noted in Table 5 , there was a significant association between pain outcomes with cervical curvature; as cervical lordosis increased, there was a decrease in the incidence (p = 0.017) and severity of neck pain (p = 0.008; Figs. 4 and 5) . At increments of 5° (from < 5° to > 20° of cervical lordosis), follow-up pain incidence decreased from 44.9% to 5.6%, and the VAS neck pain score decreased from 2.7 to 0.4. This association was also observed when laminoplasty patients were isolated for analysis. Pain incidence significantly decreased from 50.0% to 0.0% (p = 0.010) and VAS neck pain scores decreased from 2.9 to 0.0 (p = 0.004). A case example can be seen in Fig. 6 in which a patient with cervical kyphosis underwent multilevel laminoplasty and had ongoing severe neck pain at the 2-year follow-up. When more than 20° of postoperative lordosis was present, laminoplasty patients had a significant and profound decrease in pain incidence (34.6% vs 0.0%, p = 0.011) and VAS scores (1.9 vs 0.0, p = 0.018) compared with patients with less lordosis (Table 6 ). Figure 3 shows an illustration demonstrating the importance of this particular finding. This trend was not as substantial in LPSF patients. Among patients with postoperative cervical Cobb measurements greater than 20° of lordosis, there was no significant difference in mean preoperative cervical sagittal Cobb angles between LPSF and laminoplasty patients (17.4° vs 21.8°, respectively; p = 0.499).
A post hoc analysis concentrating on laminoplasty patients was performed to determine whether there were preoperative factors that would indicate which patients would be more likely to achieve greater than 20° of cervical lordosis after surgery. The only preoperative parameter that was significantly associated with postoperative cervical lordosis of more than 20° was preoperative cervical lordosis. We found that patients with postoperative cervical lordosis greater than 20° had a mean preoperative cervical lordosis that was significantly greater than patients with 20° or less of cervical lordosis (21.8° vs 9.0°, p < 0.001).
Discussion
The laminoplasty procedure was originally developed for the treatment of stenosis of the cervical canal due to ossification of the posterior longitudinal ligament, and since then this procedure has been used to treat various pathologies causing CSM. 6, 19 Several studies have demonstrated that laminoplasty offers neurological improvement (modified Japanese Orthopaedic Association [JOA], Odom, and Nurick scales) similar to that of LPSF in the treatment of multilevel CSM. 5, 25, 27 The decision as to which surgical procedure to perform is not always transparent and often depends on a multitude of patient-and clinically related factors, such as age, medical morbidity (risk for surgery), neck pain, cervical lordosis, axial movement with neck flexion-extension, and social factors. Traditionally, LPSF is offered to patients with concomitant neck pain in addition to CSM. The concept is that internal fixation minimizes movement, which helps alleviate musculoskeletal pain. Over the past decade, there has been an accumulation of evidence suggesting that pain outcomes are strongly related to regional and global spinal alignment. 3, 18, 21 More specific findings have also been shown to be true in relation to neck pain and cervical spinal alignment. However, the effect of cervical sagittal alignment on neck pain has not been thoroughly studied in patients who undergo laminoplasty or LPSF. 23 This study compared perioperative and follow-up outcomes of matched cohorts of patients with postoperative cervical lordosis who underwent either laminoplasty or LPSF. Additionally, the patients had similar follow-up cervical SVAs and T-1 slopes. The findings presented suggest that LPSF is associated with slightly greater blood loss, longer hospital stays, and higher long-term complication rates than laminoplasty. However, greater neurological recovery was observed in patients who underwent LPSF. In regard to neck pain outcomes, there was no difference in incidence and VAS neck pain scores at follow-up in patients who presented either with or without preoperative neck pain after undergoing laminoplasty or LPSF. However, in patients who underwent laminoplasty, greater cervical lordosis was significantly associated with better pain outcomes, especially when more than 20° of lordosis was present.
Cervical LPSF is generally accepted as a more invasive surgery with higher morbidity than laminoplasty. This is not surprising as LPSF requires additional muscle exposure (dissection to the lateral masses), spinal fixation, and bone arthrodesis, which can result in greater intraoperative blood loss and postoperative pain. 4, 24 Furthermore, pseudarthrosis becomes a concern with LPSF over time, and reported rates are as high as 38%. 27 However, the actual difference in perioperative morbidity and complications between multilevel laminoplasty and LPSF is relatively small and patients tolerate both procedures well. In fact, it has been suggested that when addressing more than 4 levels, postoperative pain following laminoplasty is greater than that in LPSF. 16 In regard to blood loss, our study showed a mean difference of 128.4 ml between the two groups; this difference is likely not clinically significant in adults. For the treatment of multilevel CSM, reported perioperative complication rates following laminoplasty range between 6% and 13%, 1, 24, 25 and for LPSF between 9% and 15%. 1, 24, 25 These rates are similar to what was observed in our study. The difference in complication rates may be less substantial than previously believed. We did, however, observe higher rates of long-term complications with LPSF; 3 of the 5 complications were pseudarthrosis, a risk not found with laminoplasty. Nonetheless, reoperations rates were similar between the two groups and this is consistent with observations in a study by Adogwa et al., who reported reoperation rates of 10% in LPSF and 7% in laminoplasty patients. 1 Interestingly, in our cohort, patients who underwent LPSF were observed to have greater neurological improvement than patients who underwent laminoplasty at followup. The mean postoperative Nurick score for patients who underwent LPSF was 0.9 (no signs of myelopathy) and the mean Nurick score for laminoplasty patients was 1. neurological outcomes in patients who underwent laminoplasty or laminectomy for CSM, and they did not find a significant difference in follow-up JOA scale scores.
10,27
Similarly, Highsmith et al. showed similar magnitudes of modified JOA scale score improvement at follow-up: 2.7 points in laminoplasty patients and 2.8 points in LPSF patients. 5 It is unclear why a discrepancy exists between our findings and those of past studies, but a potential reason for the variance could be the different modalities used to measure neurological outcome and cervical myelopathy. Nurick score is mainly a measure of lower extremity function while other scales such as the modified JOA scale measure myelopathy in greater detail. Another major difference between past studies and our current study is our use of cohorts with matched cervical alignment. Intrinsic closure of the lamina resulting in less decompression following laminoplasty is a genuine concern, and there is evidence that cervical alignment has an effect on the degree of laminar closure following laminoplasty. 26 The reported incidence of laminar closure ranges from 39% to 79% depending on the laminoplasty technique used. 26 Laminar closure can result in a 10% decrease in diameter size of the decompressed spinal canal. 11 When laminar closure occurs, this process can result in 30% less central canal decompression compared with laminectomy. 22 Laminectomy intrinsically may also offer greater decompression because after removing the lamina the surgeons have direct access to removing compressive ligaments (not readily accessed during laminoplasty) and even extending decompressions laterally if warranted. In patients with severe canal stenosis, this extra decompression may make a clinical difference, potentially offering a greater chance of neurological recovery.
Neck pain is a challenging entity to treat. Understanding the underlying cause of pain is key in implementing the ideal management plan. Over the past 10 years, we have learned a great deal about how regional and global spinal alignment influences pain and functional outcomes. 9, 20 It has been shown that cervical lordosis and C2-7 SVA are correlated with clinical measures of regional disability (improved cervical alignment correlated positively with healthrelated quality of life outcomes). In patients with multilevel CSM, neck pain is typically an indication to offer LPSF because previous studies have demonstrated a high incidence of new neck pain following laminoplasty, as high as 25% of patients. 7, 27 However, according to the findings from this study among patients with matched postoperative cervical alignment and lordosis, follow-up pain incidence and severity were similar for patients who underwent laminoplasty or LPSF, despite the presence or absence of preoperative neck pain. This may suggest that postoperative cervical alignment and curve is a significant determinant in influencing the efficacy of either laminoplasty or LPSF in treating neck pain. According to our data, the degree of cervical lordosis is particularly relevant to patients who undergo multilevel laminoplasty. Half of the laminoplasty patients with follow-up cervical lordosis of less than 5° continued to experience ongoing neck pain. But as cervical lordosis increased toward the normal range there was a clear association with better neck pain outcomes. Based on a systematic review by Kuntz et al., there is a great variability in degrees of normal cervical lordosis in asymptomatic neutral upright adults with C2-7 Cobb angles ranging from 13° to 21° and a mean 17° of lordosis. 9 Based on the data from this study, it appears that more than 20° of cervical lordosis may be the most ideal in offering the best neck pain outcomes. It seems that the presence of cervical lordosis before surgery is a factor associated with being able to achieve lordosis greater than 20° after laminoplasty. This threshold needs to be evaluated in a larger patient cohort to translate these findings directly into clinical practice.
FIG. 5.
Graph showing the relationship between neck pain incidence and degree of cervical lordosis following either laminoplasty or LPSF. As an entire cohort, there was a significant association between neck pain incidence and cervical sagittal Cobb angle. Greater cervical lordosis correlated with lower neck pain incidence (p = 0.017). Similarly, this same trend was noted in laminoplasty patients (p = 0.010), but not in patients who underwent LPSF (p = 0.691).
The limitations of this study are generally related to the retrospective design. There is an inherent patient selection bias when comparing surgical procedures because indications for laminoplasty and LPSF tend to be different. Each patient is evaluated on a case-by-case basis and patient desires are taken into account in the decision-making process. Additionally, as in all retrospective reviews, there are various unknown confounders that cannot be assessed or accounted for that may affect the outcomes of interest. For this study, there is a small risk for selection bias in the process of generating a matched cohort by excluding LPSF patients based on postoperative cervical Cobb angle measurements. By excluding the LPSF outliers, some of which are kyphotic, there may be a bias in the results to support LPSF over laminoplasty. However, this bias is minimized and accounted for because our study includes subgroup analyses stratifying outcomes based on cervical lordosis. Additionally, the cervical SVA and T-1 slope were comparable in both groups before surgery and at follow-up. Future prospective studies or a randomized trial are needed to address these drawbacks.
Conclusions
Multilevel laminoplasty and LPSF are both safe and effective procedures associated with low morbidity for the treatment of CSM. LPSF is associated with slightly greater blood loss and a higher long-term complication rate than laminoplasty, but the difference in magnitude may be less substantial than previously perceived. However, the findings from this study show that patients who had undergone LPSF had better neurological outcomes (resolution of myelopathy) compared with patients who underwent laminoplasty. In patients with similar postoperative cervical lordosis and sagittal alignment, the incidence and severity of neck pain are similar for patients undergoing either laminoplasty or LPSF. This finding highlights the importance of taking into account cervical lordosis during surgical planning and pursuing relatively normal cervical lordosis. Additionally, in patients who undergo laminoplasty, greater cervical lordosis may be associated with better neck pain outcomes, especially in patients with greater than 20° of lordosis postoperatively.
